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Objective: To assess whether these characteristics of
less misclassification and greater area under receiver opera-
tor characteristic (ROC) curve of the new injury severity
score (NISS) are better than the injury severity score (ISS)
as applying it to our multiple trauma patients registered into
the emergency intensive care unit (EICU).
Methods: This was a retrospective review of registry
data from 2 286 multiple trauma patients consecutively reg-
istered into the EICU from January 1,1997 to December 31,
2006 in the Second Affiliated Hospital, Medical School of
Zhejiang University in China. Comparisons between ISS
and NISS were made using misclassification rates, ROC
curve analysis, and the H-L statistics by univariate and mul-
tivariate logistic progression model.
Results: Among the 2 286 patients, 176 (7.7%) were
excluded because of deaths on arrival or patients less than
16 years of age. The study population therefore comprised
2 110 patients. Mean EICU length of stay (LOS) was 7.8
days ± 2.4 days. Compared with the blunt injury group, the
penetrating injury group had a higher percentage of male,
lower mean EICU LOS and age. The most frequently injured
body regions were extremities and head/neck, followed by
thorax, face and abdomen in the blunt injurygroup; whereas,
thorax and abdomen were more frequently seen in the pen-
etrating injury group. The minimum misclassification rate
for NISS was slightly less than ISS in all groups (4.01%
versus 4.49%). However, NISS had more tendency to
misclassify in the penetrating injury group. This, we noted,
was attributed mainly to a higher false-positive rate (21.04%
versus 15.55%for ISS, t=3.310, P<0.001), resulting inan over-
all misclassification rate of 23.57% for NISS versus 18.79%
for ISS (t=3.290, P<0.001). In the whole sample, NISS pre-
sented equivalent discrimination (area under ROC curve:
NISS=0.938 versus ISS=0.943). The H-L statistics showed
poorer calibration (48.64 versus 32.11, t=3.305, P<0.001) in
the penetrating injury group.
Conclusions: NISS should not replace ISS because
they share similar accuracy and calibration in predicting
multiple blunt trauma patients. NISS may be more sensitive
but less specific than ISS in predicting mortality in certain
penetrating injury patients.
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The abbreviated injury scale (AIS) system wasfirst introduced in 1971 and has been updatedregularly since.1 The injury severity score (ISS)
was introducedin 1974 to summarizeAISseverity codes
for patients with multiple injuries.2 ISS, calculated as
the sum of squares of the highest AIS severity codes of
three worst injured body regions, is the most widely
used method for assessing injuries from blunt trauma,
despite its limitation of one injury per body region.3,4 In
1997,Osler et al,5 after tracing this restriction to a de-
sign limitation in the original study form used, intro-
duced the new injury severity score (NISS), defined as
the sum of squares of the three highest AIS scores
from each patients regardless of body regions.
Subsequently, various studies, employing different
methodologies, have examined the predictive capacity
of NISS and found it superior to the traditional ISS.6-10
However, it has been shown recently that NISS may
not be better than ISS, as they share similar accuracy
and calibration.11-14 In this study, we aimed to test
whether these characterist ics of NISS (less
misclassification and greater area under ROC curve) is
better than ISS when applying it to our multiple trauma
patients registered into the emergency intensive care
unit (EICU).
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METHODS
This was a retrospective review of registry data from
2 286 multiple trauma patients consecutively registered
into EICU from January 1, 1997 to December 31, 2006
in the Second Affiliated Hospital, Medical School of
Zhejiang University in China. Informations on patients,
demographic characteristics, treatment procedures and
injury severity were collected at the time of discharge.
The criteria used for multiple trauma refers to injuries
caused by one wound agent in two or more organs,
and at least one injury is potentially fatal.15 The follow-
ing items were comparatively studied: patients’ age and
gender, survival to discharge or transfer or death, blunt
or penetrating injury, and AIS scores. From these
elements, the scores of ISS and NISS were calculated
following the definition of Osler et al.5 Deaths on arrival
and patients less than 16 years of age were excluded
from the study.
Comparisons between ISS and NISS were made
using misclassification rates, ROC curve analysis, and
the H-L statistics by univariate and multivariate logistic
progression model. Misclassification rates were defined
as the sum of false-positives divided by the total num-
ber of cases. The area under the ROC curve was used
to test sensitivity and specificity. The larger the area,
the better the efficiency. The H-L statistics measures
the correspondent rate of ISS and NISS, in which a
value of 15.5 suggests correspondency. The smaller
the values, the greater the correspondent rate.
Statistical analyses were performed using SPSS
11.0 for Windows. Patientsdivided intoblunt injury group
and penetrating injury group werestatistically compared
by Pearson’s Chi-square test for categorical variables
and Student’s t test for continuous variance. A Pvalue of
<0.05was considered statistically significant. The study
was approved by the institutional review boards of
ZhejiangUniversity.
RESULTS
A total of 2 286 multiple trauma patients were ad-
mitted to EICU. Among them, 176 patients (7.7%) were
excluded because of deaths on arrival or patients less
than 16 years of age. The study population therefore
comprised 2 110 patients. Mean EICU length of stay
(LOS) was 7.8 days±2.4 days. Compared with the blunt
injury group, the penetrating injury group had a higher
percentage of male, lower mean EICU LOS and age.
The most frequently insultedbody regions were extremi-
ties and head/neck, followed by thorax, face and abdo-
men in the blunt group; whereas, thorax and abdomen
were more frequently involved in the penetrating group
(Table 1). The misclassification rate of NISS was slightly
less than ISS in all groups (4.01% versus 4.49%).
However, NISS was more likely to misclassify in the
penetrating injury group. This, we noted, was mainly
due to a higher false-positive rate (21.04% versus
15.55% for ISS, t=3.310, P<0.001), resulting in an
overall misclassification rate of 23.57% for NISS ver-
sus 18.79% for ISS (t=3.290, P<0.001). In the whole
sample, NISS presented equivalent discrimination
(areaunder ROCcurve:NISS=0.938versus ISS=0.943).
The H-L statistics showed poorer calibration (48.64 ver-
sus 32.11, t=3.305, P<0.001) in the penetrating injury
group (Table 2).
DISCUSSION
Injury severity scoring is a cornerstone of injury
epidemiology. Over the past several years, many differ-
ent scoring systems have attempted to replace ISS as
the standard for measuring the severity of traumatic
injury.16-19 Although these scores have shown some
advantages, none of them has been shown superior
completely to others. ISS has been criticized as arbi-
trarily limiting injury measurement. NISS, which was
developed by a group including the original authors of
ISS, was attempted to improve the assessment of pa-
tients with severe and multiple injuries. The score by
NISS will be equal to or greater than ISS for any given
patient. Thus, we can expect that NISS will tend to
overstate injury severity in less severely injured patients
compared with ISS, but in fact, it is more sensitive and
less specific than ISS in predicting mortality.
Scores assessed by ISS or NISS may vary in differ-
ent injuries and possibly different numbers of injured
organs. To date, several studies have compared NISS
to ISS with respect to mortality.20-23 The results of these
studies are contradictory, but for mildly injured patients,
NISS is equivalent to ISS. NISS appears to be better
than ISS in moderate and severe injured patients on
the basis of three elements: misclassification rates,
ROC curves, and calibration measured by the H-L
statistics.24-25 However, our data yielded rather different
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results: in all groups, misclassification by NISS was
only slightly better than ISS; the area under the ROC
curves was similar in both scoring systems; and ISS
was better calibrated than NISS. In the penetrating in-
jury group, the reason for the poorer calibration of NISS
was due to a higher misclassification rate and a higher
false-positive rate for predicting mortality.
Our study has several potential limitations. First,
patients in this study are from EICU and therefore may
not reflect all the profiles of multiple injured patients.
Second, the total patient sample for this study is rela-
tively small. On the basis of our results, we postulate
that NISS should not replace ISS as they share similar
accuracy and calibration in evaluating multiple blunt
injured patients. NISS is more sensitive but less spe-
cific than ISS in predicting mortality for penetrating in-
jured patients.
Table 1. General data of the studied population
All patients Blunt injury group Penetrating injury group
Age (mean, yr)
Mean EICU LOS (d)
Gender (%male)
AIS of worst injury, n (%)
  2
  3
  4
5-6
Body region of worst injury, n (%)
Head/Neck
 Face
  Thorax
Abdomen
Extremities
Others
42.6 ± 16.3
7.8 ± 2.4
1603 (76.0)
2110 (100)
690 (32.8)
856 (40.7)
371 (17.5)
193 (9.0)
4823 (100)
1230 (25.5)
481 (10.0)
1090 (22.6)
368 (7.6)
1629 (33.8)
25 (0.5)
40.6 ± 13.9
8.6 ± 4.5
1097 (71.6)*
1532 (100)
235 (15.3)
733 (47.8)
371 (24.2)
193 (12.7)
4119 (100)
1217 (29.5)
406 (9.9)
819 (19.9)
230 (5.6)
1419 (34.4)
28 (0.7)
25.2 ± 11.8
3.3 ± 1.7
506 (87.5)
578 (100)
291 (50.3)
123 (21.3)
115 (19.9)
49 (8.5)
704 (100)
13 (1.8)
75 (10.7)
271 (38.5)
138 (19.6)
204 (29.0)
3 (0.4)
 P<0.01, *P<0.05, comparison between the blunt group and the penetrating group. Student’s t test was used for continuous
variables and Pearson’s Chi-square test for categorical variables. Continuous variables are presented as mean±SD and categorical
variables are presented as frequency(%).
Table 2. Comparison of ISS and NISS in predicting mortality
All patients Blunt injury group Penetrating injury group
NISS             ISS
Misclassification rates (%)
False-positives (%)
False-negatives (%)
Least misclassification rate (%)
Area under ROC curve
95% CI
H-L statistics
 t values
 P values
17.62
17.04
0.58
4.01
0.938
0.922-0.949
7.36
NISS          ISS NISS     ISS
16.88
16.15
0.73
4.49
0.943
0.922-0.949
6.25
14.67
13.88
0.79
3.20
0.923
0.922-0.949
3.58
14.11
13.09
1.02
3.71
0.922
0.929-0.955
2.84
23.57
21.04
2.53
6.80
0.924
0.922-0.949
48.64
18.79
15.55
3.24
7.46
0.943
0.929-0.955
32.11
 P<0.001, paired t test, comparison between NISS and ISS.
1.950 1.895 3.305
0.052 0.063 <0.001
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